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Abstract
In this paper, some seismic factors, namely response modifiers, ductility, overstrength and deflection amplification, of steel 
moment resisting frames (MRFs) under near-field records are evaluated. To this purpose, two separate groups of near-field 
records (e.g., pulse-like and non-pulse-like) on the behaviour of MRFs are studied. In particular, four models with different 
storey heights (3-, 6-, 9-, and 12-storeys) are examined through IDA analyses under 20 pulse-like and 20 non-pulse-like 
ground motion records. Finally, the achieved results are compared with the recommendation values of the ASCE code to 
assess their reliability. According to the results, the MRF structures demonstrate better seismic behaviour under the non-
pulse-like ground motions rather than pulse-like ones. The average response modification factor obtained from non-pulse-like 
ground motions is about 5.0, which is 1.19 times higher than the corresponding results achieved from pulse-like records.
Keywords Steel moment resisting systems · Near-field records · Pulse-like ground motion · IDA analysis · Ductility · 
Seismic factor
1 Introduction
Steel moment resisting frame (MRF) is one of the most 
widely used systems in seismic areas. Besides its archi-
tectural and functional advantages, it has demonstrated 
satisfactory strength levels and energy absorption features. 
However, the global behaviour of MRFs under seismic 
excitations depends on how they have been designed. Cur-
rent codes for seismic design of building structures assume 
inelastic response of selected components under the design 
earthquake. However, they usually adopt linear elastic 
force-based analysis procedures rather than complicated 
non-linear methods. In fact, they permit a reduction in seis-
mic design loads, taking advantage of both the structural 
overstrength and the energy dissipation capacity. These 
properties are accomplished in structural design through a 
response modification factor. On the other hand, a structure 
designed by the mentioned reduced forces should be capable 
of tolerating inelastic deformations. The maximum inelas-
tic deflection that might occur during an earthquake can be 
computed through an elastic analysis, which is amplified by 
a deflection amplification factor (Uang 1991). Furthermore, 
the obtained seismic factors in designing the structural sys-
tem affect mostly its behaviour under lateral excitations. So, 
selection of proper seismic factors, which can demonstrate 
a suitable structural inelastic capacity, is the most crucial 
phase in designing issue. Evaluating these parameters is 
directly related to the type of ground motion records (i.e., 
near-fault or far-field), so it is necessary to investigate the 
inelastic behaviour of the structural systems under differ-
ent type of ground motions. Recently, the estimation of the 
inelastic deformations of several structural systems was the 
subject of many researchers (Kim et al. 2009; Mahmoudi 
and Abdi 2012; Fanaie and Afshar 2014; Louzai and Abed 
2015; Formisano et al. 2015; Faggiano et al. 2018). How-
ever, they almost use far-field ground motions in order to 
obtain the seismic factors of the structural systems.
The observation of the primary structure damages under-
went by the earthquake event in the near-fault region has 
arisen concern among engineers. Many studies were done 
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to investigate the characteristic of near-fault ground motions 
and its effects on structural members (Archuleta and Hartzell 
1981; Baker 2007; Mavroeidis and Papageorgiou 2010; Hall-
dorsson and Papageorgiou 2012; Shahi and Baker 2013).
For a site located in the near-field region of a fault, the 
characteristics of the ground motion at the site depend, 
among other factors, on how the rupture propagates in that 
site. Such a characteristic is named as the rupture directivity 
effect. A near-fault site may experience forward directivity 
when the fault rupture propagates towards the site with a 
velocity almost equal to the shear-wave velocity. The result-
ing ground motion typically contains a large velocity pulse, 
which may impose extreme demands on a structure. When 
the fault rupture propagates away from the site, it may expe-
rience backward directivity effects. Such ground motions 
tend to be of low intensity and long duration (Dabaghi 
2014). The effects of mentioned characteristics were studied 
by many researchers, and all researches cited their destruc-
tive impacts on structural members (MacRae et al. 2001; 
Alavi and Krawinkler 2004; Sehhati et al. 2011). So, the 
response of structures under near-fault ground motions are 
dependent on the characteristics of the records discussed 
above and are different from the response of structures under 
far-field ground motions. It is almost clear that the near field 
ground motions, especially the pulse-like ones, cause more 
structural demands than the others. For reliable designing, 
structural behaviour should be investigated according to var-
ious kinds of ground motion records. Therefore, modifying 
the seismic parameters of the structural systems under near 
field earthquakes is one of the important steps in reducing 
damages in those areas. However, the recommended val-
ues of the seismic behaviour factor in seismic design codes 
disregard the position of the under construction structures 
respect to their nearby faults. Therefore, it seems to be inter-
esting to add some other factors to take into account this 
important issue. Such factors can be obtained according to 
the comparison of the response of the structures under the 
near-fault and far-field ground motion records. It is almost 
evident that the structures cannot exploit their full inelastic 
capacities in accordance to pulse-like records, which release 
the accumulated strain energy under form of seismic waves. 
So, it is not suitable to take into account the full inelastic 
capacity of the structural systems in near-field areas, which 
are qualified for producing pulse-like ground motion records.
In 2007 Baker introduced a method to extract the larg-
est velocity pulse from ground motions. The procedure 
consisted of using the wavelet transform to identify the 
frequency an the amplitude of the dominant pulse of the 
record. Baker used the size of the extracted pulse relative to 
the original ground motion to present a quantitative criterion 
for classifying a ground motion as a pulse-like. To recog-
nize the subset of pulse-like records, which were caused 
by directivity effects, two more criteria were applied: the 
pulse arrived at the beginning of the ground motion and the 
absolute amplitude of the velocity pulse, which was more 
significant than the remaining record.
In this paper, the seismic behaviour of steel MRFs under 
a series of pulse-like and non-pulse-like ground motions has 
been investigated and the forward directivity effects, which 
are currently not adequately taken into consideration in the 
design process, are considered. Accordingly, the response 
of the MRFs under two different types of near-fault ground 
motions (i.e., records with forward and backward directivity 
effects) can be evaluated and compared. The selected ground 
motion records (pulse-like or non-pulse like) are classified 
based on the Baker’s approach. A variety of models with the 
different number of levels (3-, 6, 9-, and 12-storeys), have 
been designed and numerically modelled through the Open-
Sees software. Incremental dynamic analyses under pulse-
like and non-pulse-like ground motions have been conducted 
and the seismic factors, such as overstrength, reduction fac-
tor due to ductility, response modification and displacement 
amplification, have been estimated for all models. To inves-
tigate how the existence of the forward directivity effect in 
ground motions may influence the behaviour of structural 
MRFs, the obtained seismic factors of pulse-like and non-
pulse-like ground motions have been compared each other 
and with the suggested values of the ASCE provisions.
2  Seismic Factors of MRFs
The response modification factor was first proposed by the 
ATC-3-06 (1978). Then, it was presented in the ATC-19 
(1995) and ATC-34 (1995) as a product of three factors, 
i.e., overstrength factor, ductility factor and redundancy fac-
tor. To compute seismic factor, one can use either a non-
linear static pushover procedure or a nonlinear incremen-
tal dynamic analysis (IDA) (Kim et al. 2009; Mahmoudi 
and Abdi 2012; Fanaie and Afshar 2014; Louzai and Abed 
2015).
Figure 1 is used to explain and illustrate seismic perfor-
mance factors. In this figure, Vy and ∆y represent the yield 
force and displacement, respectively, ∆max is the maximum 
roof displacement, Vd and ∆d are the seismic base shear 
required for design and its corresponding displacement, 
respectively, and Ve represents the force level that would be 
developed in the seismic-force-resisting system, if the sys-
tem remained entirely linearly elastic for design earthquake 
ground motions. In addition, Vd corresponds to the formation 
of the first plastic hinge (Vs) in the load resistance factor 
design (LRFD) method and however, to be consistent with 
the allowable stress design (ASD) method, it is reduced to 
the service load level by a factor of about 1.4 (Uang 1991).
According to the Fig. 1, the seismic factors are defined 
based on the following equations:
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In the previous relationships R, Rs, Rµ, and Cd represent 
response modification factor, overstrength factor, reduction 
factor due to ductility and deflection amplification factor, 
respectively. ATC-19 (1995), based on the guidelines of the 
frame seismic design, presented the redundancy factor val-
ues depicted in Table 1. The calculation of the overstrength 
factor according to Eq. (3) is based on the use of nominal 
material properties and the actual overstrength factor should 
consider the beneficial contribution of some other effects 
[see e.g., Eq. (4)] (Uang 1991). For example, F1 may be 
used to consider the difference between actual and nominal 
static yield strengths, while F2 may represent the increase in 
yield stress as a result of the strain rate effect during a strong 
ground motion. Other parameters can also be included only 
if reliable data are available. In the current study, a factor 
(1)R = RsR휇Rr
(2)Rso =
Vy
Vd
(3)RsRsoF1F2…Fn
(4)R휇 =
Ve
Vy
(5)Cd =
Δmax
Δd
of 1.37 is used to account for all these parameters (Fi) due 
to the application of wide-flange A36 steel sections for the 
design of structural members (SEAOC 2008).
3  FEM Modelling
3.1  Case Studies and Modelling Criteria
The steel moment resisting frames with 3, 6, 9 and 12-sto-
reys and the bay length of 5 m and the storey height of 3.2 m 
are considered. The gravity and live loads of all floors are 
assumed to be 4.5 kN/m2 and 2 kN/m2, respectively. The 
earthquake design force is calculated according to ASCE07 
(2016), considering the following parameters: importance 
factor Ie = 1 (for residential buildings: Risk Category II), Site 
Class D (stiff soil), Seismic Design Category D, response 
modification factor R = 4.5 and displacement amplification 
factor Cd = 4 (for intermediate SMRF). The buildings are 
assumed to be located in Berkeley, California (USA). The 
configurations of the models used in this study, as well as 
cross-sections of profiles, are presented in Fig. 2.
Two kinds of nonlinearities (material and geometrical) 
are applied to the structures in the inelastic range of defor-
mation. In particular, the geometrical nonlinearity of beam 
and column members is considered with P-delta effect. 
Herein, beam and column elements are modelled as nonlin-
ear frame elements through the forceBeamColumn option of 
OpenSees. Fiber sections were assigned to these members to 
model the inelastic behaviour of the A36 steel material with 
the mechanical properties listed in Table 2. To this purpose, 
a stress–strain model of uniaxialMaterial Steel02 is chosen 
from the options of the OpenSees software.
Both ends of beam-column elements as well as the col-
umn supports are assumed to be moment resisting and 
rigid zones are assigned to the ends of members to have a 
proper rigidity of connections. The Raleigh damping with 
5% damping ratio for first and second vibration modes 
is considered in the nonlinear time history analyses. The 
corresponding parameters for computing the damping are 
given in Table 3, where  a0 and  a1 are the Raleigh damping 
coefficients.
3.2  Failure Criteria
To evaluate reduction factors, a number of failure criteria 
are needed to define the collapse limit state of a structure. 
Two groups of failure criteria at local and global levels are 
utilized here to represent the collapse limit states of models.
A local criterion is defined based on the limitation of 
stress–strain behaviour of the material for structural ele-
ments. The strain limitation for A36 steel is considered to 
be as 20% (see Table 2).
Fig. 1  Typical base shear-roof displacement relationship of a struc-
ture
Table 1  Redundancy factors 
proposed by ATC-19 (1995) Lines of vertical seismic framing
Redun-
dancy 
factor
2 0.71
3 0.86
4 (or more) 1.00
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On the other hand, the global failure criterion reaches 
when an upper limit of inter-story drift meet the specified 
value specified in the ASCE (2016) code for life safety per-
formance level (2% of storey height) or when the overall 
instability of the structure happens.
4  Selection of Records
In 2007 Baker developed a quantitative classification proce-
dure of pulse-like ground motions and 91 ground motions 
with large-velocity pulses were selected from approximately 
3500 ground motions in the next generation attenuation 
(NGA) project ground motion library. It is well known that 
for the near-fault pulse-like ground motions, the pulse-like 
signals of the fault-normal direction are generally more 
pronounced than the fault-parallel direction (Somerville 
et al. 1997). Therefore, 20 pulse-like and 20 non-pulse-like 
fault-normal ground motions are selected from Baker (2007) 
(Tables 4 and 5, Figs. 3 and 4). The selected records are 
for moment magnitude (Mw) greater than 5. All records are 
taken from stations within 20 km of the fault rupture.    
The Baker’s procedure is used to obtain a pulse period 
for each of the motions. The Baker’s pulse indicator index, 
which is one of the three criteria introduced by Baker for 
classifying the records as a pulse-like, is also brought for 
ground motions.
5  Analysis and Comparison of Results
The incremental dynamic analysis is carried out to evaluate 
the seismic behaviour of steel MRFs under near-fault ground 
motions. The resulted IDA analyses of 40 earthquakes men-
tioned in the previous section are depicted in Fig. 5. In this 
figure, the black curves represent the results of non-pulse-
like ground motions, while the remaining curves are related 
to the pulse-like ground motions.
Figure 6 compares the collapse PGA of different models 
under pulse-like and non-pulse-like ground motions. As it 
can be seen, the structural failure, among other parameters, 
is influenced by characteristics of ground motions. It can be 
obtained that the structures can tolerate the higher inten-
sity of PGA in ground motions with no pulse. It is evident 
that the difference between failure points increases with an 
increase in the height of structures.
Aiming at better comparing the seismic behaviour of 
steel MRFs, four factors, namely overstrength, ductility, 
Fig. 2  Configuration of MRF structures under investigation
Table 2  Properties of A36 steel used in this study
Steel mate-
rial
Modulus of 
elasticity 
(GPa)
Yield stress 
(MPa)
Ultimate 
stress (MPa)
Ultimate 
elongation 
(%)
A36 200 250 400 20
Table 3  Raleigh damping 
coefficient Model a0  (s
−1) a1 (s)
3-story 1.0532 0.0018
6-story 0.4868 0.0040
9-story 0.3416 0.0057
12-story 0.2747 0.0071
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response modification and deflection amplification, are 
obtained under pulse-like and non-pulse-like ground 
motions. The extracted parameters of IDA curves and also 
the calculated seismic factors of the 3-storeys model are 
shown in Table 6.
The average results of seismic factors for all models are 
compared in Fig. 7. As it can be seen, with the increase of 
the height of structures, the overstrength factor of non-pulse 
like ground motions increases; while the ductility, response 
modification and, deflection amplification factors decrease. 
Table 4  List of selected pulse-
like ground motions Record Event Year Station Tp PGV Mw Epi.D. PI
1 San Fernando 1971 Pacoima Dam (upper left abut) 1.6 116.5 6.6 11.9 0.97
2 Coyote Lake 1979 Gilroy Array #6 1.2 51.5 5.7 4.4 1.00
3 Imperial Valley-06 1979 Aeropuerto Mexicali 2.4 44.3 6.5 2.5 0.99
4 Imperial Valley-06 1979 Agrarias 2.3 54.4 6.5 2.6 1.00
5 Imperial Valley-06 1979 EC Meloland Overpass FF 3.3 115.0 6.5 19.4 1.00
6 Imperial Valley-06 1979 Holtville Post Office 4.8 55.1 6.5 19.8 1.00
7 Coalinga-07 1983 Coalinga-14th & Elm (Old CHP) 0.4 36.1 5.2 9.6 1.00
8 N. Palm Springs 1986 North Palm Springs 1.4 73.6 6.1 10.6 1.00
9 San Salvador 1986 Geotech Investig Center 0.9 62.3 5.8 7.9 0.99
10 Superstition Hills-02 1987 Parachute Test Site 2.3 106.8 6.5 16.0 1.00
11 Erzican, Turkey 1992 Erzincan 2.7 95.4 6.7 9.0 1.00
12 Northridge-01 1994 LA Dam 1.7 77.1 6.7 11.8 1.00
13 Northridge-01 1994 Newhall - W Pico Canyon Rd. 2.4 87.8 6.7 21.6 1.00
14 Northridge-01 1994 Pacoima Dam (upper left) 0.9 107.1 6.7 20.4 1.00
15 Northridge-01 1994 Rinaldi Receiving Sta 1.2 167.2 6.7 10.9 1.00
16 Northridge-01 1994 Sylmar - Converter Sta 3.5 130.3 6.7 13.1 0.92
17 Northridge-01 1994 Sylmar - Converter Sta East 3.5 116.6 6.7 13.6 1.00
18 Kobe, Japan 1995 Takatori 1.6 169.6 6.9 13.1 0.96
19 Northwest China-03 1997 Jiashi 1.3 37.0 6.1 19.1 1.00
20 Yountville 2000 Napa Fire Station #3 0.7 43.0 5.0 9.9 1.00
Table 5  List of selected non-
pulse-like ground motions Record Event Year Station Tp PGV Mw Epi.D. PI
1 Landers 1992 Big Tujunga, Angeles Nat F 1.62 2.64 6.7 19.7 0.00
2 Loma Prieta 1989 BRAN 0.78 38.66 6.9 10.7 0.00
3 Northridge-01 1994 Burbank - Howard Rd. 6.23 6.96 6.7 16.9 0.00
4 Morgan Hill 1984 Capitola 1.18 7.17 6.9 15.2 0.00
5 Chi-Chi, Taiwan 1999 CHY006 1.11 42.69 7.6 9.8 0.00
6 Chi-Chi, Taiwan 1999 CHY028 1.20 63.21 7.6 3.1 0.05
7 Chi-Chi, Taiwan 1999 CHY029 6.15 34.09 7.6 11.0 0.45
8 Chi-Chi, Taiwan 1999 CHY035 1.30 40.33 7.6 12.6 0.05
9 Chi-Chi, Taiwan 1999 CHY080 1.06 109.98 7.6 2.7 0.83
10 Morgan Hill 1984 Corralitos 1.16 9.83 6.9 3.8 0.93
11 Northridge-01 1994 N Hollywood - Coldwater Can 3.19 20.28 6.7 12.5 0.01
12 Northridge-01 1994 Santa Susana Ground 1.80 21.69 6.7 16.7 0.01
13 Northridge-01 1994 Simi Valley - Katherine Rd 0.53 37.62 6.7 13.4 0.00
14 Northridge-01 1994 Sun Valley - Roscoe Blvd 1.57 32.83 6.7 10.0 0.00
15 Northridge-01 1994 Sunland - Mt Gleason Ave 1.18 12.93 6.7 13.3 0.00
16 Chi-Chi, Taiwan 1999 TCU055 9.04 49.55 7.6 6.3 0.06
17 Chi-Chi, Taiwan 1999 TCU070 8.48 60.12 7.6 19.0 0.30
18 Loma Prieta 1989 UCSC Lick Observatory 5.33 19.47 6.9 18.4 0.00
19 Loma Prieta 1989 UCSC 7.06 11.58 6.9 18.1 0.00
20 Loma Prieta 1989 WAHO 1.17 28.23 6.9 17.5 0.00
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This finding is also obtained by other studies (Kim et al. 
2009; Mahmoudi and Abdi 2012; Fanaie and Afshar 2014; 
Louzai and Abed 2015), but the results of the pulse-like 
ground motions do not obey this trend, since in pulse-like 
records the response of structures, among other parameters, 
are affected by both the period and the starting time of the 
pulse. In another word, if the period of the pulse and the 
period of the structures are enough closes each other, a 
resonance phenomenon may happen which gives rise to the 
earlier failure of structures.
As it is depicted in Fig. 7, the dissipative capacity of steel 
MRFs is decreased for pulse-like ground motions, whereas 
the opposite happens with non-pulse-like ones. The com-
pared seismic factors in Fig.  7 show that overstrength, 
ductility and response modification factors of non-pulse-
like ground motions differ from those related to pulse-like 
ground motions, even if in the case of deflection amplifica-
tion factor the results are approximately the same.
The average results of overstrength, ductility, response 
modification and deflection amplification factors obtained 
from IDA analyses under non-pulse-like ground motions 
are about 2.47, 2.04, 5.05 and 2.85, respectively. The 
corresponding results under pulse-like ground motions are 
instead, 2.31, 1.81, 4.23 and 2.92. Comparing the results, the 
overstrength, ductility, response modification and deflection 
amplification factors obtained from non-pulse-like records 
are 1.07, 1.13, 1.19 and 0.98 times of the values of pulse-
like records.
Figure 7 also compares the seismic factors with the 
corresponding suggested values of the ASCE provisions. 
The proposed values of overstrength, response modifica-
tion, and deflection amplification factors in the ASCE 
provisions for examined steel MRFs are 3, 4.5 and 4, 
respectively. The procedure for obtaining overstrength 
and deflection amplification factors to provide adequate 
protection is based on a high estimate of the expected 
ratios between the maximum demand and the design one. 
Therefore, the system overstrength and deflection ampli-
fication factors are the largest average values of them for 
all performance groups (FEMA-P695 2009). In the case 
of response modification factors, the trend is the oppo-
site, and the minimum value is suggested by the code. 
Considering this definition, the obtaining results for 
non-pulse ground motions are in good agreements with 
Fig. 3  Velocity time histories of 
the selected pulse-like ground 
motions
Fig. 4  Velocity time histories of the selected non-pulse-like ground motions
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the recommended values of the ASCE code. As a conse-
quence, it can be said that the proposed seismic factors 
are proper in the case of non-pulse-like ground motions. 
Investigating the obtained results of the non-pulse-like 
ground motions it is concluded that the recommended val-
ues for overstrength and deflection amplification factors 
are appropriately predicted, but the response modification 
factor must be properly reduced.
6  Conclusion
This paper tried to investigate the effect of near-fault 
ground motions on the performance of steel Moment 
Resisting Frames. To this purpose, FEM models of steel 
buildings with the different number of storeys (3, 6, 9, and 
12) have been designed and analysed. Nonlinear incre-
mental dynamic analyses have been performed under 40 
near-fault ground motions, composed of 20 pulse-like and 
20 non-pulse-like records. The results of the conducted 
research can be summarised as follows:
1. The collapse PGAs of steel MRFs is higher than those 
of non-pulse-like ground motions.
2. The values of overstrength factors obtained from non-
pulse-like records are increased and the values of ductil-
ity, response modification, and deflection amplification 
factors are decreased with the increase in the height of 
structures. These trends are not kept for the correspond-
ing values of pulse-like records.
3. The obtained overstrength factor, the reduction factor 
due to ductility, response modification and deflection 
amplification factors based on IDA analyses under non-
pulse-like ground motions are 2.47, 2.03, 5.05 and 2.85, 
Fig. 5  The capacity curves of 3- (a), 6- (b), 9- (c) and 12- (d) storeys MRFs based on IDA analyses
Fig. 6  Comparison among the failure PGAs from selected records
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respectively. These values are in good agreement with 
the suggested values of the ASCE provisions.
4. The average overstrength factor, reduction factor due to 
ductility, response modification and deflection amplifi-
cation factors based on IDA analyses under pulse like 
ground motions are 2.31, 1.81, 4.23 and 2.92, respec-
tively. These values are from 1 to 1.20 times less under-
estimate than the corresponding ones related to the non-
pulse like ground motions.
5. The seismic factor suggested by ASCE seems to be 
appropriate for non-pulse-like ground motions, while 
the recommended response modification factor is not 
proper for pulse-like ground motions.
Table 6  The obtained seismic 
factors and their corresponding 
parameters for the examined 
3-storys model
Record No. Ve VMax Vd Δmax Δd RS Rµ R Cd
Pulse-like records
 1 3506.64 1017.57 514.10 0.16 0.04 2.69 3.45 9.28 4.11
 2 1791.48 939.57 0.14 0.04 2.49 1.91 4.74 3.75
 3 2138.78 967.60 0.15 0.04 2.56 2.21 5.66 3.97
 4 1769.73 967.92 0.14 0.03 2.56 1.83 4.68 5.44
 5 1253.35 964.24 0.14 0.03 2.55 1.30 3.32 4.25
 6 1719.32 991.45 0.15 0.03 2.62 1.73 4.55 5.96
 7 1853.89 875.26 0.15 0.05 2.32 2.12 4.90 3.04
 8 2213.06 998.16 0.15 0.03 2.64 2.22 5.85 4.82
 9 1800.29 916.73 0.15 0.04 2.43 1.96 4.76 4.20
 10 1929.18 1002.53 0.14 0.04 2.65 1.92 5.10 3.65
 11 1542.15 987.79 0.15 0.03 2.61 1.56 4.08 4.64
 12 1459.85 945.74 0.13 0.04 2.50 1.54 3.86 3.23
 13 1468.51 988.84 0.11 0.03 2.62 1.49 3.88 3.98
 14 1665.20 975.25 0.14 0.03 2.58 1.71 4.41 3.98
 15 1610.80 998.52 0.13 0.03 2.64 1.61 4.26 4.85
 16 1637.73 983.36 0.13 0.03 2.60 1.67 4.33 4.24
 17 1808.59 893.19 0.14 0.04 2.36 2.02 4.78 4.08
 18 1585.06 954.00 0.13 0.03 2.52 1.66 4.19 4.55
 19 1693.92 999.04 0.12 0.03 2.64 1.70 4.48 3.55
 20 2595.18 960.71 0.16 0.04 2.54 2.70 6.87 4.64
Non-Pulse-like record
 1 1789.93 877.57 514.10 0.10 0.03 2.32 2.04 4.74 2.90
 2 2946.97 971.55 0.13 0.04 2.57 3.03 7.80 2.85
 3 2176.74 917.48 0.15 0.04 2.43 2.37 5.76 3.47
 4 2631.18 907.93 0.13 0.04 2.40 2.90 6.96 2.95
 5 2929.25 978.44 0.14 0.04 2.59 2.99 7.75 3.88
 6 2119.90 1000.59 0.14 0.04 2.65 2.12 5.61 3.76
 7 2343.24 931.06 0.15 0.04 2.46 2.52 6.20 3.87
 8 1854.77 976.70 0.14 0.03 2.58 1.90 4.91 4.11
 9 1638.60 970.52 0.13 0.03 2.57 1.69 4.33 4.49
 10 1387.60 969.59 0.14 0.03 2.56 1.43 3.67 5.06
 11 1467.91 958.00 0.13 0.03 2.53 1.53 3.88 3.87
 12 2454.72 1000.46 0.15 0.04 2.65 2.45 6.49 3.92
 13 2503.91 955.81 0.15 0.03 2.53 2.62 6.62 5.03
 14 2564.09 966.34 0.14 0.03 2.56 2.65 6.78 4.24
 15 1785.19 954.24 0.13 0.03 2.52 1.87 4.72 4.17
 16 2943.33 969.00 0.14 0.04 2.56 3.04 7.79 3.22
 17 1943.65 947.90 0.13 0.04 2.51 2.05 5.14 3.61
 18 3062.72 962.71 0.10 0.03 2.55 3.18 8.10 3.59
 19 2189.93 1024.01 0.08 0.03 2.71 2.14 5.79 2.96
 20 2200.26 1008.14 0.13 0.03 2.67 2.18 5.82 4.28
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